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Several recently sponsored NASA vrarkshops ’ 5 have discussed proposed new 
space missions which would require large-scale, light weight space-based struc- 
tural subsystems. Four representative proposed future missions utilizing such 
systems are: ocean data systems; electronic nail systems; large multi-beam 
antenna systems; and space-based solar power systems. 

It is evident that a complete new technology must be considered and devel- 
oped so that these structures can be delivered into orbit (based on the Shuttle 
Transportation System), deployed, and then fully assembled in a space environment. 
Because of their inherent size, modeling techniques and scaling algorithms must 
be developed so that ,;ystem performance can be accurately predicted prior to 
launch and assembly. In many cases it will be necessary to control the shapes 
of the antenna or coll actor surfaces to within centimeters or even millimeters 
(RMS) by using a variety of sensor-actuator systems properly positioned through- 
out the system. 

The steps involved in the development of mathematical models that can be 
used to simulate the in-orbit dynamics of large flexible systems together with 
some aspects of simulation requirements were reviewed in a recent session at the 
10th IMACS World Congress on System Simulation and Scientific Computation, most 
notably the reviews presented in Refs. 4 and 5. Fig. I 5 illustrates a conceptual 
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plan of development of a system software capability for use in the analysis of 
the dynamics and control of large space structures technology (LSST) systems. 

Ihe most fundamental component is that of the modelling of the (open-loop) 
system dynamics of such systems in orbit:. 

When the size and weight to area ratio of such proposed LSST systems dictate 
that the entire system must be considered to be flexible there are two basic 
modelling methods which can be used. Santini 0 has developed a mathematical 
formulation for predicting the motion of a general orbiting flexible body using 
a continuum approach. Elastic defon jtions are considered small as compared 
with characteristic body dimensions. Eqiations are developed for both the rigid 
and elastic (generic) modes. This development is based on an a priori knowledge 
of the frequencies and shape .functions pi: all modes Included within the trun- 
cated system model. 

As an alternative, finite element techniques can be used to model the entire 
structure as a system of lumped masses connected by a series of (restoring) 
springs and possibly dampers. Within the linear range, the coupling terms 
between the rigid and flexible modes and 1 between the different flexible modes 
themselves are usually neglected. Such coupling terms are seen to depend on 
volume integrals whose integrand functions depend on the various components of 
the different modal shape functions together with the coordinates of the differ- 
ential mass elements.^ 

The controllability and control law synthesis based on a finite element 
model of the proposed Hoop/Column orbiting antenna system (Fig. 2) was the 

7 

subject of a recent IAF presentation. Subsequently, the environmental distur- 
bance effects were included in the closed-loop model of this system, where it 

g 

was seen that these disturbances affect predominantly the system rigid modes. 
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In response to questions concerning the accuracy of the model used in 
Refs. 7 and 8, it is the object of the present paper to develop a computational 
algorithm to evaluate the coefficients of the various coupling terms in the 
equations of motion as applied to the finite element model of the Hoop/Column 
system. In order to make this comparison, the volume integrals appearing; in 
these co efficients have now been discretized, where the integrals hive been 
replaced by summations over the total number of discrete mass points; corre- 
sponding to the finite element output data. Based on this information it was 
possible to arrive at the following mass distribution, as assumed to be dis- 
tributed at the final (reduced) number of grid points (Table 1), 

With this Information together with the modal shape function components at 
the same grid points, it was possible to implement a computer algorithm to 
evaluate the magnitudes of the various coupling coefficients. A flow diagram 
of this algorithm is shown in Fig. 3. 

Table 2 illustrates the comparison between the magnitudes of the components 
of the rigid rotational modal coefficients with the components of the largest 
(flexible) coupling coefficients (Qn) for assumed displacements of lm and 3mm, 
respectively, for all seven flexible modes contained in the model, ('the diameter 
of the Hoop/Column in deployed configuration is about 122m. ) It appears that 
when the system is operating within the mission specifications (deflections of 
the order of mm at the antenna mesh supports ) , the finite element assumptions 
are valid; when the deflections are of the order of meters, the coupling between 
the flexible and rigid modes should be included in the mathematical model. 

In Table 3 a comparison of the pertinent terms in the generic modal equations 

o o 

is presented, where R n /1 w- and P n /1 w^ represent the main terms (harmonic 
oscillators) and the principal coupling terms, appropriately normalized, respec- 


3 



tively. This comparison shows that the time dependent amplitude of the modes 
can be approximated as an harmonic oscillator, at least for the ranges of 
modal amplitudes considered. 
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Table 3 Comparison of Pertinent Terms In the 
Genetic Modal Equation 
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